Introduction
Stem cell research is one of the promising areas of biotechnology, which offers the prospect of developing new methods to repair or replace tissues or cells damaged by injuries or diseases. The therapeutic potential of stem cells includes chronic heart disease, end-stage kidney disease, liver failure, diabetes, cancer and many other are diseases. Stem cells isolated from adults or developing embryos may serve as a source of cells for tissue engineering therapies. Human embryonic stem cells (hESC), first derived in 1998 (Thompson et al, 1998) , have generated great interest in tissue engineering and biomedicine due to their ability to give rise to differentiated cells of all adult tissues. However, despite their therapeutic potential, both adult and embryonic stem cells present a number of challenges associated with their clinical application. Possibly the greatest challenge in using hESC in clinical applications is the lack of knowledge in directing their differentiation ability. All studies that have shown the generation of specific cell types have not shown a uniform differentiation into a particular cell type. This may be attributed to the absence of proper temporal and spatial signals from the surrounding microenvironment.
Novel engineering approaches will play a key role in studying ESC differentiation and developing ESC tissue engineering therapies. This bio-engineering challenge is a multi-disciplinary task which combines biology, chemical, material, mechanical and electrical engineering. The development of improved technologies in various engineering fields such as: scaffolds engineering, high throughput devices, microfabrication & micromanipulations, microfluidics, genetic engineering and others may lead to breakthroughs in understanding hESC differentiation mechanism and to the fulfillment hESC clinical therapeutic potential.
STEM CELLS
Tissue engineering and cellular therapies have the potential to significantly affect medicine. These approaches require a readily available source of cells outside a living body. A stem cell can be defined by two properties: the capacity for long-term selfrenewal and multipotency -the ability to differentiate into one or more specialized cell types (Blau et al, 2001) . Hence, theoretically, stem cells could serve as an ideal supply of cells for tissue engineering therapies.
Stem cells can be derived from multiple stages of development as well as numerous adult tissues. The embryonic stem cell (ESC) is defined by its origin from one of the earliest stages of the development of the embryo, called the blastocyst. The embryonic stem cell can self-replicate and is pluripotent -it can give rise to cells derived from all three germ layers. Embryonic-like stem cells, called embryonic germ (EG) cells, can also be derived from primordial germ cells (the cells of the developing fetus from which eggs and sperm are formed) of the mouse and human fetus. The adult stem cell is an undifferentiated cell that is found in a differentiated tissue; it can renew itself and become specialized to yield all of the specialized cell types of the tissue from which it originated. Adult stem cells were found in various positions throughout the body, such as bone marrow, brain, liver and skin (Zandstra & Nagy, 2001) . Adult stem cells are capable of self-renewal for the lifetime of the organism. The adult stem cells were originally thought to be committed to regenerating only a very limited set of cell lineages; however, it is becoming clear that they can exhibit more plasticity.
Adult stem cells therapies may bypasses the need for immunosuppression, however there are major obstacles in their practical use. For example, most adult stem cells are difficult to collect and isolate. In addition, the isolated cells have poor growth in vitro and a limited lineage potential. In these cases, ESC are expected to provide a more suitable cell source. HUMAN EMBRYONIC STEM CELLS (HESC) ESC are cells derived from the inner cell mass (ICM) of the mammalian blastocyst, initially derived from the mouse blastocyst. Thomson and colleagues (1998) reported the first derivation of hESC lines. HESC have been shown to be capable of being induced to develop into a variety of cell types, including neural cells (Schuldiner et al, 2001) , endothelial cells (Levenberg et al, 2002) , hepatocytes (Lavon et al, 2004) , heart muscle cells (Kehat et al, 2001 ) osteogenic cells (Sottile et al, 2003) , blood cells (Kaufman et al, 2001) , epidermis (Green et al, 2003) and insulin producing cells (Segev et al. 2004) .
HESC characteristics
ESC are derived from the inner cell mass/epiblast of the blastocyst. ESC are capable of undergoing an unlimited number of symmetrical divisions without differentiating Engineering human embryonic stem cell differentiation 245 (long-term self-renewal), and can give rise to differentiated cell types that are derived from all three primary germ layers of the embryo (endoderm, mesoderm, and ectoderm). Additionally, single ESC can give rise to a colony of genetically identical cells. ESC express the transcription factor Oct-4, which then activates or inhibits a host of target genes and maintains ESC in a proliferative, nondifferentiating state (Pesce and Scholer, 2001) .
HESC are currently evaluated by a set of markers and their capacity to differentiate. The criteria for this estimation include the expression of surface markers and transcription factors associated with an undifferentiated state. In addition, extended proliferative capacity, pluripotency and a euploid karyotype are important characteristics of the cells. Examination of hESC over extended periods in vitro should also be used to verify that hESC characteristics do not change over time, and that the lines are stable in their expression of markers, expression of telomerase, ability to differentiate and maintenance of a normal karyotype.
A number of surface markers are currently used to characterize hESC. It has been well established that hESC express stage-specific embryonic antigen (SSEA)-3, SSEA-4, as well as TRA-1-60 and TRA 1-81, and downregulate these markers upon differentiation. Unlike mouse embryonic stem cells (mESC), undifferentiated hESC do not express SSEA-1. Undifferentiated hESC also stain positively for alkaline phosphatase, and demonstrate telomerase activity. The human gene OCT-4 is highly expressed in undifferentiated hESC and is necessary to maintain the pluripotent state of hESC. As hESC differentiate, OCT-4 gene expression decreases to low levels.
HESC culture
HESC show several important differences from mESC in culture. Although both hESC and mESC lines require special culture conditions in order to remain undifferentiated, mESC lines may be propagated in the absence of a feeder layer when leukemia inhibitory factor (LIF) is added to the culture medium. hESC are insensitive to LIF and usually require culture on feeder cells. In addition, hESC grow more slowly and tend to form flat colonies. HESC and mESC also differ in some antigenic phenotype (e.g., SSEA-1-expressed in mouse, SSEA-3 and 4-expressed in humans).
The methods and techniques used to maintain hESC in an undifferentiated proliferative state are still under study (Amit et al, 2003 Bonder et al, 2004; Draper et al; 2004 , Levenberg et al, 2006a Stojkovic et al, 2004) . Several variables are thought to contribute to the growth and differentiation in vitro, and these variables are discussed below.
Feeder cell layers
In order to maintain their pluripotency HESC are routinely grown on a layer of feeder cells, as shown in Figure 1 . Traditionally mitotically inactivated mouse embryonic fibroblasts (MEFs) are used to support hESC growth and maintenance. Feeder cells are normally mitotically inactivated using irradiation or through incubation with mitomycin C. For therapeutic purposes, it is unlikely that hESC grown on murine feeder layers will be acceptable due to the risk of transferring animal pathogens. Therefore, hESC are now beginning to be derived on human feeder cells (Amit et al, 2003 , Choo et al, 2004 or without any feeder layers (Amit et al, 2003; Richards et al, 2002; Xu et al, 2001; Ludwig et al, 2006) . However, currently the use of mouse or human feeder cells is the most widely used method of providing the soluble factors necessary to support the growth and maintenance of undifferentiated hESC. 
Medium
HESC require a medium with specific properties to maintain growth in an undifferentiated state. Fetal bovine serum (FBS), which is often used to supplement cell culture medium, can contain many compounds both valuable and harmful to hESC growth, and the concentration of these compounds may differ among batches. A defined serum substitute in hESC medium should be used in order to minimize the variability of hESC culture conditions and the occurrence of spontaneous differentiation of hESC. It should be noted that although KnockOut Serum Replacement (SR) contains fewer components than FBS, it is still not fully defined and has animal components. Recently, Ludwig et al (2006) have successfully cultured an hESC line under defined conditions.
Extracellular matrix (ECM)/substrates
Culturing hESC also requires a suitable substratum. Removal of an appropriate substrate, may result in the differentiation of hESC. HESC have been maintained in the undifferentiated state on feeders cells (MEFs, or various human cells such as human foreskin, Amit et al, 2003) , or in conditioned medium containing bFGF on Matrigel, laminin (Xu et al, 2002) or fibronectin ,on human fibronectin in a feeder free configuration (Amit et al, 2003) and on a combination of collagen IV, fibronectin, laminin and vitronectin (Ludwig et al, 2006) .
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HESC density in vitro and passaging
HESC have a very low survival rate when they are dissociated to a single-cell suspension. Therefore when hESC colonies are passaged, they are dissociated into clusters of approximately 100 cells. Passaging of hESC is obtained using either mechanical or enzymatic methods. Regardless of the passaging technique, it is important that the hESC remain in clusters. However, cluster that are too big or too crowded tend to differentiate. This situation makes it difficult to generate cultures with consistent cell density from passage to passage.
Ideal culture conditions
Ideal culture conditions include a defined matrix, defined media and passaging which allows cell seeding at a constant cell density. The culture conditions should maintain phenotypically and karyotypically the HESC characteristics and insure their reproduction and differentiation abilities.
HESC DIFFERENTIATION
HESC can be differentiated in culture through a number of different techniques. These techniques involve the use of proper chemical signals and molecular cues that induce stem cell differentiation (Rippon and Bishop 2004) . Typically stem cells are differentiated in two dimensional cultures or within a suspension culture of cell aggregates or spheroids ( Figure 2 ). These cell aggregates are called embryoid bodies (EBs) since they mimic some features of normal embryonic development. The EBs contain derivatives of all three embryonic germ layers (Itskovitz-Eldor et al. 2000) . The length of EB culture duration is dependent upon the desired cell type. For example, mesodermal and ectodermal precursors form within a few days, while some endodermal cell types require a longer culture time. Following the formation of EBs, they are usually re-cultured in adherent culture conditions in which specialized cells develop.
Though the majority of hESC differentiation protocols in vitro have so far focused on differentiation of cells in 2D culture condition, the use of 3D structures is essential for most tissue engineering applications.
All differentiation methods, in 2D and 3D, require understanding/controlling highly complex cell biology processes. 3D culture requires additional challenges for inducing cell attachment, survival, differentiation and organization. Engineering hESC constructs and controlling their differentiation is a key step in the realization of hESC therapeutic potential.
Engineering methods and approaches
SCAFFOLDS
The use of scaffolds provides three-dimensional (3D) environments and sets the cells in the vicinity of each other; thus enabling self-assembly and formation of tissue microenvironment components. The ability to culture cells in 3D construct is essential for understanding cell interactions in vivo and for understanding the complex mechanisms that control cell differentiation to form tissue structures.
Scaffolds can be formed by synthetic, natural materials or both. Oxygen and nutrients transport, mechanical properties and degradation rate should be considered and designed according to cell culture requirements. For example, in porous scaffolds the size of the pores controls the initial space between the cells and the space left for further proliferation (Levenberg et al, 2002 (Levenberg et al, , 2003 . Scaffolds can also provide a 3D environment in the form of gels or hydrogels, where cells are embedded within the gel and can migrate and organize within the gel as it degrades (Elisseff et al, 2006) .
hESC scaffolds
Scaffolds may be able to play an important role in understanding ESC differentiation and provide 3D tissue structures that are essential for most tissue engineering applications.
However, there have been very few scaffold based tissue engineering studies that use hESC.
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There are two approaches for hESC use in tissue engineering constructs ( Figure  3) . The first is to differentiate stem cells in vitro into the desired cell types and then assemble the cells into scaffolds. The other approach is to seed undifferentiated stem cells directly onto scaffolds and then differentiate them.
Undifferentiated HESC
Scaffold seeding
Genetic manipulations
In vivo 3D differentiation Differentiated tissue substitute
In vivo implantation
Scaffold seeding Growth factors, cytokines, genetic manipulations, mechanical stimuli etc..
In vitro 3D differentiation
In vitro 2D differentiation Figure 3 . HESC based tissue engineering constructs can be formed by various approaches. HESC can be differentiate in vitro into the desired cell types and then assemble the cells into scaffolds or they can be seeded directly onto scaffolds and then differentiating in them (in vitro or in vivo).
The first approach, in which differentiate stem cells are seeded in a scaffold, has been used by us to study the behavior of ESC derived endothelial cells in tissue engineering constructs (Levenberg et al, 2002) . HESC derived endothelial progenitors that were seeded onto highly porous PLLA/PLGA biodegradable polymer scaffolds formed blood vessels that appeared to merge with the host vasculature when implanted into immunodeficient mice.
The second approach, to directly differentiate hESC on scaffolds in culture, has the possible advantages that the assembly of the cells as they differentiate may imitate physiological differentiation. We demonstrated the differentiation of hESC on a polymeric scaffold (Levenberg et al, 2003) . Eight to nine days EBs were dissociated to release individual cells and seeded onto porous biomaterial scaffolds such as poly(lactic-co-glycolic acid) poly(L-lactic acid) polymer scaffolds. The ESbiomaterial constructs were cultured in the presence of different growth factors to direct differentiation. Tissues resembling cartilage, neural, endodermal (liver and pancreas) and vascular structures were created. Organization of the structures could be enhanced by conditioning the scaffold with specific growth factors and by implantation into immunodeficient mice, in which the constructs were observed to be viable for at least 2 weeks. Gerecht-Nir et al (2004) have reported that threedimensional porous alginate scaffolds provide a favorable environment for generation of well-vascularized embryoid bodies from hESC. The culture in alginate scaffolds induced vasculogenesis to a greater extent than in static or rotating cultures. Imamura et al (2004) and Baharvand et al (2006) , demonstrated the differentiation of hESC into hepatocyte-like cells within 3D collagen scaffolds containing exogenous growth factors. The cells displayed morphological features, gene expression patterns and metabolic activities characteristic of hepatocytes. We have used 3D scaffolds to investigate the neuronal differentiation of hESC (Levenberg et al, 2005) . Neuronal differentiation of hESC on three-dimensional polymer scaffolds was enhanced in the presence of neurotrophins nerve growth factor and neurotrophin 3 combined with retinoic acid. Elisseeff et al (2006) examined culturing hESC in hydrogel biomaterials for engineering musculoskeletal tissues. In that study Elisseeff and coworkers found that for chondrogenic differentiation, an adhesion peptide sequence was required, which was not necessary for adult stem cells. Unexpectedly, the various examined hESC lines showed different biomaterial requirements.
The findings of these studies demonstrate the complexity of hESC culture in 3D scaffolds. Much work should be conducted in order to achieve understanding and control of hESC differentiation in 3D structures. Future work may include engineered scaffolds with improved properties and functions. Scaffolds that control the temporal release of various molecules and/or contain immobilize ligands can be further used. Additionally, more complex biomaterials design, using microfabrication, microfluidics, or other structure-organizing approaches may be used to create defined and complex scaffolds. The use of perfusion systems in which the medium is flown through the scaffold may also be examined to improve hESC culture in scaffolds.
An additional approach, which is highly problematic, is to use the adult body's microenvironment to induce the differentiation of hESC. In vivo differentiation of hESC is not a realistic option due to the tumourgenic capabilities of hESC and the variety of cell types obtained in non-directed differentiation. In the future it may be possible to use genetically modified ESC that undergo apoptosis when differentiated into undesirable cell types and other similar genetic approaches to improve desired cell differentiation in vivo (Hook et al, 2005; Eiges, 2006) . However, currently this approach remains impractical.
HIGH THROUGHPUT DEVICE
High-throughput screening has contributed significantly to modern biology and drug discovery. HESC differentiation is controlled by the microenvironment which conveys multiple complex signals of various sorts to the cell. The cells sense and respond to applied combinations of signals. Since the number of combinations increases significantly with the number of individual factors, high-throughput approaches are required to examine the signaling space. Thus, high throughput devices may shade light on important parameters in hESC differentiation. Arrays of small soluble molecules , cDNA (Ziauddin and Sabatini, 2001; Wu et al, 2002) , biomaterials (Anderson et al, 2004) , and extracellular matrix proteins (Flaim et al, 2005) have proven to be powerful approaches to exploring cell responses to varying signals.
Small molecules
High throughput screening of synthetic small molecules has provided useful chemical tools to modulate and to study complex cellular processes . For example, it has enabled the identification of heterocyclic small molecules that can direct ESC toward particular lineages, such as cardiomyocytes , and even of molecules that can induce the dedifferentiation of adult cells into pluripotent progenitor cells .
Genomic studies
Cell microarrays are used also for functional genomic studies. Each cell microarray contains thousands of cell clusters that are each transfected with a defined DNA, which leads to overproduction (cDNAs for gain-of-function) or inhibition (siRNA for loss-of-function) of a specific gene product. Experiments using this technique have been used to characterize undifferentiated hESC and provide a unique set of markers to profile and better understand the biology of hESC (Bhattacharya et al, 2004) . Additionally, various studies have focused on differentiation gene products (Calhoun et al, 2004; Devash et al, 2004) . In the future, the differentiation process should be further studied using these techniques.
Feeder cells
The potential of the microarray methodology for high-throughput screening has been also used to examine how feeder cells may affect differentiation of hESC (Yamazoe & Iwata, 2005) .
Biomaterials
The effect of biomaterials on the behavior of hESC is important for developing hESC tissue engineering methods (Hubble, 2004) . In this issue, Anderson et al (2004) described screening combinatorial biomaterials in an array format in the purpose of examining materials that allow controlled differentiation of hESC. In this study we examined a library of nearly 600 materials and found that specific materials induced ES-cell differentiation toward epithelial cells much more effectively than others. Flaim et al (2005) presented an extracellular matrix (ECM) microarray platform for the culture of patterned cells atop combinatorial matrix mixtures. Flaim et al, applied this platform to study the effects of 32 different combinations of five extracellular matrix molecules (collagen I, collagen III, collagen IV, laminin and fibronectin) on cellular differentiation. The system was used to examine the maintenance of primary rat hepatocyte phenotype and the differentiation of mESC toward an early hepatic fate.
ECM
Microfabricated microwells
A platform which enables parallel, automated, long-term live-cell microscopy of single cells in culture and tracking of individual cell fates over time has been demonstrated by Chin et al (2005) . The system is based on a microfabricated array of 10,000 microwells on a glass coverslip to analyze the proliferation dynamics of adult rat neural stem cell.
Immobilized ligands
Recently, Soen et al (2006) developed a microarray system to systemically investigate the effects of numerous morphogens, growth factors, cell adhesion molecules, and extracellular matrix components on the fate of primary bi-potent human neural precursor cells that can differentiate into neurons or glial cells .Their approach focused on the effects of the immobilized ligands on cell function. Cellular behaviors (i.e. differentiation and proliferation) were then monitored by immunostaining for bromodeoxyuridine and cell fate markers, followed by high-throughput quantitative imaging analysis at the single-cell level. Multi-parameter analysis of responses to conflicting signals revealed interactions more complex than previously envisaged, including reciprocal dominance relations.
Taken together, a system of high-density, microarrayed, immobilized and soluble microenvironments provides a robust method to investigate the effects of multiple signals on cell behavior (Figure 4) . The use of high throughput devices to explore the subject of hESC differentiation has not yet fulfilled its potential. Novel approaches being developed will provide new capabilities for the study of basic hESC biology and the advancement of regenerative medicine.
MEMS AND MICROFLUIDICS
One of the major challenges associated with the use of stem cells is the identification and understanding of microenvironmental cues that regulate their fate. Microscale approaches can also be used to control culture conditions and perform high-throughput experimentation, hence providing a suitable tool to study cell-microenvironment interactions in vitro (Voldman et al, 1999; El-Ali et al, 2006) .
Microfabrication techniques offer the ability to control the molecular structure of surfaces and to pattern complex molecules, to fabricate microchannels, and to pattern and manipulate cells. The isolation of cells on a surface makes it possible to study events occurring in each individual cell. The combination of patterned cells and reagents delivered to the cells in laminar flows in microchannels makes it possible to study the influence of these reagents on cells with high accuracy. Various microenvironmental manipulations can be preformed using microfabrication and microfluidics techniques to create a controllable microenvironment. Hence, the culture of stem cell in a controllable microenvironment may be highly beneficial for stem cell study and may in light the mechanisms which govern stem cell behavior, such as stem cell differentiation.
Micro-bioreactors and microfluidics
The culture of cells in a microchannel system can be highly beneficial for cell biology studies and tissue engineering applications. Leading research teams in the field of tissue engineering utilize cell culture in microchannels for various applications. For example, culture of endothelial cell in microchannels is used for studying, optimizing and developing vascular systems with engineered geometries -a key challenge in the regeneration of vital organs (Bettinger et al, 2005; Shin et al, 2004; Borenstein et al, 2002) . Another example is the development of microfluidic devices for long-term culture of hepatocytes, which is very important for realizing drug metabolism studies, bioreactors and artificial organs (Leclerc et al, 2003 a,b) .
Microfluidics is also a promising technology for stem cell culture because of the length scales involved (Bhatia & Chen, 1999) . The scale of the channels allows important factors (e.g., growth factors) to accumulate locally forming a stable microenvironment for the cells. It has been shown that the culture of mammalian embryos in microchannels results in more natural developmental kinetics and improved developmental efficiency (Beebe at al. 2002a , Glasgow et al, 2001 ). Similar benefits may be possible by culturing stem cells in microchannels. Abhyankar et al, (2003) showed the feasibility of short term culturing of hESC in microchannels using two different layers: (MEF) and Matrigel. Khademhosseini (2004c) patterned mESC in a microchannel using a new technique for patterning cells in shear protected microwells.
Recently there has been increasing interest in culturing cells in perfused microfluidic environments since continuous perfusion offers the ability to control cell-media interactions by controlling the chemical composition of the media that surrounds cells. Kim et al, (2006) designed a microfluidic arrays for logarithmically perfused embryonic stem cell culture, and cultured mES under constant perfusion in a microchannel for 4 days.
Another important advantage of microfluidics is that laminar flow fluids within microchannels can be used to control the spatial positioning of soluble factors relative to cells ( Figure 5 ). Laminarly flowing fluids have been used to pattern cells and their microenvironments (Takayama et al, 1999 (Takayama et al, , 2003 . Linear or complex soluble gradients are generated by merging of inlet streams. Microfluidic gradients have been used to study complex biology system such as neural stem cell differentiation (Chung et al, 2005) . However, currently, the benefits of culturing cells in microchannels have not been utilized to study or manipulate hESC culture.
Micro-paterrning
Cellular patterning methods organize the chemical properties of a surface to promote selective attachment of specified types of cells to defined regions on a substrate (Folch and Toner, 2000) . Cellular patterning has been used to explore the effects of cellular geometry on proliferation, migration cell-cell interaction and differentiation. Patterned cocultures may be a useful tool for tissue engineered constructs and for studying cell-cell interactions in vitro. Coculture techniques have been used to study the interaction of hESC with other cell types .
High-throughput
As detailed in the previous section, the combination of high throughput devices with microfabrication may lead to the development of novel high throughput systems for isolating and monitoring single cells and monitoring hESC differentiation. The utilization of novel high throughput microdevices in stem cell biology studies may improve our understanding of hESC differentiation. 
MECHANICAL STIMULI
Though the effect of mechanical stimuli on stem cells is a subject of great interest, only limited results has been presented in this field. The following section briefly reviews some of the latest works in this field. McBeath et al (2004) have shown that human mesenchymal stem cells allowed to adhere, flatten, and spread under went osteogenesis, while unspread, round cells became adipocytes. Cell shape regulated the switch in lineage commitment by modulating endogenous RhoA activity. Li et al (2004) , showed that oscillatory fluid flow affects human marrow stromal cells by increasing the proliferation of the cells and the markers of osteogenic markers of differentiation. In addition, the human marrow stromal cells subjected to oscillatory fluid flow exhibited increased intracellular Ca +2 þ mobilization. It has been reported that shear stress can induce mESC differentiation (Kimiko et al, 2005) . Mouse Flk-1+-positive ESC were subjected to controlled levels of shear stress in a flow-loading apparatus and examined for changes in cell proliferation and differentiation. Flk-1-positive (Flk-1+) mESC density increased markedly when the cells were subjected to shear stress. In addition, shear stress considerably increased the expression of the vascular endothelial cell-specific markers Flk-1, Flt-1, VEcadherin, and PECAM-1, at protein level and mRNA level, but it had no effect on expression of the mural cell marker SM-α-actin, blood cell marker CD3, or the epithelial cell marker keratin. These findings indicate that shear stress selectively promotes the differentiation of Flk-1+ ESC into the endothelial cell lineage. The shear-stressed Flk-1+ ESC formed tube-like structures in collagen gel and developed an extensive tubular network significantly faster than the static controls.
The effect of mechanical stimuli on adult stem cell and mESC is currently under study. These ongoing studies show that mechanical stimuli can regulate stem cell fate and behavior. However, mechanisms that govern these effects continue to be unclear.
The effect of mechanical stimuli on hESC has been poorly explored and remains elusive. A new study by Saha et al, (2006) examined the rate of hESC differentiation in the presence and absence of biaxial cyclic strain. Above a threshold of 10% cyclic strain, applied to a deformable elastic substratum upon which the hESC colonies were cultured, hESC differentiation was reduced and self-renewal was promoted without selecting against survival of differentiated or undifferentiated cells.
As presented, mechanical forces have been reported to induce proliferation or differentiation in various cell types, but the role of mechanotransduction on embryonic stem cell fate decisions is unknown. The findings reviewed in this section imply that application of mechanical forces may be useful, in combination with biochemical signals, towards controlling differentiation of hESC for therapeutic applications.
GENETIC TECHNIQUES
Genetic manipulations techniques can be used to explore the fundamental genetic mechanisms governing hESC differentiation and to increase the yield of differentiation into desired lineages (Menendez et al, 2005; Moore et al, 2005; Hook et al, 2005; Eiges, 2006) . Genetic techniques can be classified into positive or negative regulators. The positive regulators include controlled expression of transcription factors that contribute to differentiation into a tissue type. Negative regulators may be used to cause apoptosis of cells that differentiate to undesired pathways. For example, transcription factors that activate neomycin selection and suicide genes. Stable overexpression or inhibition of genes in mESC has contributed a great deal to the study of gene function in mammals. Genetic manipulations of hESC may shade light on gene function and cell differentiation process.
Summary and conclusions
HESC hold promise as an unlimited source of cells for tissue engineering therapies. Though hESC study is rapidly progressing, clinical applications are not practical since much research still needs to be done. A major challenge in hESC research is understanding and directing hESC differentiation. Novel interdisciplinary approaches, which combine biology, chemical, material, mechanical and electrical engineering aspects, may advance us to the day when hESC can be differentiated into a particular cell type in a controlled manner suitable to create/repair specific organs. The fulfillment of hESC clinical therapeutic potential may revolutionize medicine and the treatment of human disease.
